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Description 

FIELD OF THE INVENTION 

The present invention relates to an improved 
microfluidic structure, i.e. a geometric microstruc- 
ture defining a liquid flow system, which may find 
use in various fields of application such as various 
electrophoretic procedures, capillary chromatog- 
raphy, liquid distribution systems and the like, as 
well as to processes for the manufacture thereof. 

BACKGROUND OF THE INVENTION 

A recent development of electrophoretic tech- 
nique is capillary electrophoresis. As with conven- 
tional methods of electrophoresis charged mole- 
cules may be isolated and determined in an elec- 
tric field based upon their relative mobilities. A 
capillary electrophoretic system basically consists 
of a fused silica capillary having an inner diameter 
of approximately 25 to 100 urn and which connects 
two reservoirs filled with buffer. Separation takes 
place in the buffer filled capillary and substances 
may be detected by UV absorbance or emitted 
fluorescence by means of a concentrated trans- 
verse beam of light passing through the capillary. 

In relation to conventional gel electrophoresis 
the use of a capillary system permits a consider- 
ably higher electric field strength due to reduced 
generation of heat and an improved cooling effect 
(reduced ratio of cross-sectional to circumferential 
area). This results in very fast separations with 
extremely high resolution. 

Drawn glass capillary tubes have, however, 
several disadvantages. Among those may be men- 
toned the difficulty of providing branched systems 
as well as the difficulty of creating areas having 
particular surface characteristics. It is also relatively 
difficult to manufacture extremely small bore glass 
tubes. Further, glass capillaries are also unsuitable 
for parallel channel analyses and only small vol- 
umes can therefore be separated, separations for 
preparative purposes thereby being impractical. 

To overcome these disadvantages planar struc- 
tures have been developed in which a number of 
trenches or channels are fabricated in parallel. 
Typically, such a planar structure is produced by 
etching trenches in a semiconductor substrate, 
such as a silicon wafer, and then covering the 
etched surface by a cover plate to complete the 
electrophoretic channels. Such structures are, how- 
ever, rather expensive to produce. Further, since 
the materials used are rigid and hard, it is difficult 
to provide an adequate sealing between the top 
edges of the etched trenches and the cover plate. 
As the etched substrate is most often a semicon- 
ductor, the material per se is unsuitable for elec- 



trophoretic applications and the channel side-walls 
must therefore be provided with an insulating sur- 
face layer, such as by oxidation or by coating with 
some other material. 

s EP-A-01 07631 discloses a miniaturized conduit 

system for flow-through analysis of gases and liq- 
uids consisting of a substantially rigid base plate 
with one or more recessed open channels, a flat 
second plate covering the channels, and a third 

to plate bonded to the back of the second plate. 

EP-A-0010456 discloses a liquid transport de- 
vice consisting of two plates with an intermediate 
spacer member made of steel or thermoplastic 
material which adheres the two plates together and 

75 defines a transport chamber between the plates. 

EP-A-0347579 discloses a micromechanic 
structure made of inorganic material consisting of a 
rigid block with cavities, channels or the like closed 
by a cover plate. 

20 US-A-4.900,663 discloses a colorimetric testing 
device incorporated in a test card consisting of a 
top sheet adhesively secured to an intermediate 
rigid frame member made of plastic material which 
includes an elongated opening forming a filter 

25 chamber, and a bottom sheet secured to the un- 
derside of the frame member. 

SUMMARY OF THE INVENTION 

30 One object of the present invention is to pro- 
vide a microfluidic structure, i.e. a geometric micro- 
structure defining a liquid flow system, suitable e.g. 
for capillary electrophoresis and which is devoid of 
the above disadvantages and thus is relatively 

35 cheap to produce, optionally permitting a dispos- 
able type product, may provide branched flow 
channels, may exhibit local surface characteristics, 
and provides great freedom in choice of material, 
e.g. as regards surface, optical and electric prop- 

40 erties. 

Another object of the present invention is to 
provide a microfluidic structure which, in addition to 
capillary electrophoresis, is suitable for other ap- 
plications such as capillary chromatography, proce- 
ss dures using micro reaction cavities, miniaturized 
liquid communication units etc. 

Still another object of the present invention is 
to provide a microfluidic structure in the form of a 
mufti-storey construction having channels or cav- 
50 ities in several planes to thereby permit the build- 
up of complex channel or cavity geometries for 
analyses or reactions. 

Another object of the present invention is to 
provide a microfluidic structure which permits easy 
55 detection of substances in the flow system. 

A further object of the present invention is to 
provide processes for the manufacture of the above 
microfluidic structure. 
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Thus, in one aspect the present invention re- 
lates to a geometric microstructure defining a liquid 
flow system, comprising first and second substan- 
tially planar form-stable base layers, and an inter- 
mediate spacing layer of rubber or elastomer which 
can be compressed in a direction perpendicular to 
the base layer planes and which is recessed to 
define a micro cavity or channel system with at 
least one of said first and second base layers, the 
spacing layer being firmly attached to at least one 
base layer or being an integral part of one of the 
base layers. 

In another aspect the present invention pro- 
vides processes for the manufacture of such a 
structure. 

One process comprises the steps of: 

a) providing a planar mould having a relief pat- 
tern corresponding to the desired spacing layer 
geometry; 

b) applying a first base layer against the mould; 

c) injecting a cross-linkable polymer liquid or 
thermo-plastic polymer melt into the cavity de- 
fined between the mould surface and the base 
layer; 

d) stabilizing said injected polymer by cross- 
linking or temperature reduction; 

e) removing the base layer/spacing layer assem- 
bly from the mould; and 

f) applying a second base layer to the spacing 
layer of said assembly. 

An alternative process comprises the steps of: 

a) providing a planar mould having a relief pat- 
tern corresponding to the desired spacing layer 
geometry; 

b) applying a cross-linkable or thermoplastic 
spacing layer material against the mould and 
pressing the assembly together; 

c) stabilizing the spacing layer formed by cross- 
linking or temperature reduction; 

d) removing the spacing layer structure from the 
mould: and 

e) applying first and second base layers to 
opposite sides of the spacing layer. 

In a variant of this alternative process, step b) 
is performed with the cross-linkable or thermoplas- 
tic spacing layer material supported by or integral 
with the first base layer, and the second base layer 
is then applied to the opposite side of the spacing 
layer in step e). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects, features and advantages 
will be apparent from the following description and 
the appended claims, taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a plan view of an embodiment of a 
capillary electrophoretic plate according to the 



present invention; 

Fig. 2 is a plan view of one of the base layers of 
the structure in Fig. 1 including detector and 
electric contact means; 

s Fig. 3 is a plan view of the other base layer of 
the structure in Fig. 1 supporting a spacing layer 
defining an upwardly open liquid channel: 
Fig. 4 is a partial cross-sectional view of the 
structure in Fig. 1 ; 

10 Fig. 5 is another embodiment of capillary elec- 
trophoretic plate according to the present inven- 
tion; 

Fig. 6 is a schematic illustration of the manufac- 
ture of a number of base layer/spacing layer 

75 assemblies corresponding to that in Fig. 3; 

Fig. 7A is a schematic cross-sectional view of a 
sandwich structure comprising three superposed 
spacing layers with intermediate base layers, 
and Fig. 7B is a cross-sectional view of one 

20 base layer/spacing layer assembly used to build 
up the sandwich structure; 
Fig. 8 is a partial cross-sectional view of a 
structure comprising integral spacing and base 
layers; 

25 Fig. 9 is a partial cross-sectional view of the 
structure shown in Fig. 8 placed in a clamping 
means; 

Fig. 10 is a schematic view of another embodi- 
ment of base layer including an ion exchanger 
30 strip; and 

Fig. 11 is a diagram showing the result of an 
electrophoretic procedure performed with a 
capillary electrophoretic plate of the invention. 

35 DETAILED DESCRIPTION OF THE INVENTION 

In its simplest form the microfluidic structure 
according to the present invention consists of two 
base layers between which an elastic spacing ma- 

40 terial, which is firmly attached to at least one of the 
base layers, forms a geometric micro structure 
defining the desired liquid flow system, e.g. one or 
more cavities or a labyrinth-like channel. 

For the provision of the liquid flow system the 

45 spacing layer may be recessed through a part or 
the whole thickness thereof. In the first case the 
spacing layer forms the side walls and one of the 
top and bottom walls of each cavity or channel, one 
of the base layers forming the other of the top and 

so bottom walls, whereas in the latter case the base 
layers form the top and bottom walls and the 
spacing layer forms the side walls. Due to the 
elasticity of the spacing layer adequate sealing 
thereof to the respective base layer(s) is obtained. 

55 In a development thereof the structure of the 
invention consists of a "multi-storey" sandwich 
structure having two or more spacing layers sepa- 
rated by base layers respectively, the liquid flow 



a 



5 



EP 0 527 905 B1 



6 



systems in adjacent spacing layers communicating 
by' apertures or bores in the intermediate base 
layers. In this way e.g. complex flow channel sys- 
tems may be formed. Such a multi-storey structure 
may be formed by piling several base lay- 
er/spacing layer assemblies on top of each other. 

The base layers should be form-stable, which 
term, however, herein is to be understood in a 
relatively broad sense as will be further elucidated 
below. Therefore, not only non-elastic materials but 
also moderately elastomeric materials may be con- 
templated as will readily be appreciated when con- 
sidering the below stated purpose of and require- 
ments on the base layers. Thus, the purpose of the 
base layers is, on one hand, to support the spacing 
layer as well as to form part of the channel or 
cavity walls, and on the other hand to maintain and 
ensure the dimensions of the structure in the XY- 
plane thereof; the XY-plane is that of the base layer 
plane extension, and Z is the direction perpendicu- 
lar thereto. Form-stable therefore refers to a ma- 
terial that will give only small and well defined 
dimensional changes under conditions dictated by 
the particular application. The base layer surface 
should have a good surface smoothness to ensure 
efficient sealing under moderate pressures. This 
may be implemented, for example, by the base 
layer being stiff or by using a flexible film placed 
on a planar and possibly elastic surface. As suit- 
able materials for the base layer, which may be in 
plate, sheet, foil or film form, may be mentioned 
glass, metal or plastic, such as polyester, polyeth- 
ylene terephthalate, e.g. Mylar, fluoroplastic, e.g. 
Hostaflon. The above mentioned apertures in the 
base layer, necessary for e.g. sandwich applica- 
tions, may be accomplished by high precision 
techniques such as laser drilling or numerically 
controlled precision machinery. 

As mentioned above the purpose of the spac- 
ing layer is to build up the side walls of the 
channels or cavities and provide for the desired 
elasticity in the Z-direction , i.e. perpendicularly to 
the plane extension. The material should has to be 
elastic and consists of a rubber or an elastomer. An 
example of a suitable type of material is silicone 
rubber. Other specific examples are EPDM rubber 
and Hostaflon. Depending upon the method used 
for the manufacture of the base layer/spacing layer 
assembly, which will be described in more detail 
below, the spacing layer material should also have 
satisfactory properties as a moulding material, such 
as low viscosity and form shrinkage, a suitable 
curing or hardening principle, e.g. UV-light or other 
radiation, temperature, etc, as well as a suitable 
hardness to provide for efficient sealing. The above 
properties makes it possible to transfer and mul- 
tiply with great accuracy the exact geometry from 
precision-made moulds or dies to cheap polymeric 



materials. Such high precision moulds or dies may, 
for example, advantageously be fabricated by etch- 
ing in single crystal materials, as will be described 
below. As mentioned previously, the elastic or resil- 

s ient properties of the spacing layer or layers permit 
a very good sealing between base and spacing 
layers to be obtained. The spacing layer (when 
stabilized) should preferably also have surface 
properties providing for suitable surface character- 

ro istics when joined to a base layer and defining a 
cavity or channel therewith, e.g. hydrophobic-hy- 
drophobic interaction for applications involving 
aqueous solutions. 

Concerning the basic structure of the invention 

rs consisting of two base layers and an intermediate 
spacing layer, it is readily realized, however, that 
there are materials that will satisfy at the same time 
the requirements on both the base layer and the 
spacing layer. The spacing layer and one or both 

so of the base layers may then be made of the same 
material. In such a case the spacing layer and one 
base layer may also be integral as will be further 
described below. The above described multi-storey 
structure may, of course, also be made up from 

25 such integral base layer/spacing layer units. An 
example of a material that may be used in this 
respect is Hostaflon. 

Preferably, the spacing layer does not fill the 
whole space enclosed by the two base layers, but 

30 only to the extent to provide for sufficient wall 
thicknesses of the channels or cavities defined 
thereby. Thus, for e.g. a winding channel the spac- 
ing layer material defining it will exhibit the same 
winding geometry but with a wider cross-section. In 

35 this way inter alia a smaller sealing area is ob- 
tained, thereby requiring a lower total sealing force 
to be applied for a given surface pressure. 

The elasticity of the spacing layer(s) may also 
be used to give the structure the function of a 

40 pump or valve by variation of a force acting in the 
Z-direction, i.e. normally to the base and spacing 
layer planes. The force required to compress the 
structure to obtain such a pumping action will also 
be lower the more reduced the spacing layer ex- 

45 tension is, as just discussed above. 

As stated hereinbefore the required recessing 
of the spacing layer is, in accordance with the 
invention, accomplished by forming the spacing 
layer against a planar mould, e.g. a sheet or plate, 

so which has a moulding surface provided with a relief 
pattern being the negative of the desired geometric 
structure to be exhibited by the spacing layer. 
Such a mould may, for instance, be produced by 
etching, surface coating, laser processing, elec- 

55 trochemical etching, mechanical processing, or 
combinations thereof, of a substrate of, for in- 
stance, silicon, quartz, ceramic, metal or plastic 
material, e.g. PMMA or Teflon®. The mould used 
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for forming the spacing layer may, of course, very 
well be a replica of an originally manufactured 
master mould produced therefrom by casting or 
moulding. 

The preferred method of producing such a 
mould involves etching. The material of choice is 
then a single crystalline material, like e.g. silicon or 
quartz, or various group lll/V materials, such as e.g. 
gallium arsenide, i.e. a material which has such a 
structure/composition that a well-defined surface 
will be produced by chemical processing in gas or 
liquid phase, and which has such mechani- 
cal/thermal properties that it will withstand the pres- 
sures and temperatures required by such forming 
process. A preferred material is single crystalline 
silicon. 

The etching of a desired relief pattern on the 
surface may be effected in a manner known per se, 
i.e. by providing the substrate with an etch stopper 
layer (usually by oxidation), coating with a pho- 
tosensitive layer (photoresist), exposing the surface 
through a mask defining the desired relief pattern, 
and developing the exposed areas to remove the 
photoresist therefrom, and then opening the bared 
etch stopper layer in those areas, removing the 
remaining photoresist mask, and finally etching the 
bared substrate surface areas to the desired depth. 

The moulding of the spacing layer may be 
performed in various ways. Thus, for instance, in 
one embodiment the spacing layer is formed by a 
compression moulding type procedure, involving 
impression, or coining or embossing, of the spac- 
ing layer material. In this case the spacing layer 
material, optionally attached to or integral with a 
base layer, is applied against the mould surface, 
and the assembly is pressed together by an exter- 
nal force. In case the material is thermoplastic, the 
viscosity thereof is lowered by increasing the tem- 
perature, and the spacing layer relief pattern 
formed is then made permanent or stabilized by 
lowering the temperature. Other ways of stabilizing 
the spacing layer includes cross-linking thereof, 
e.g. by UV-radiation, a catalyst, heat, etc. In the 
latter case the spacing layer material may be a thin 
layer of a cross-linkable liquid, such as a silicone 
rubber, coated on the surface of the base layer. 

In another embodiment the spacing layer is 
formed by an injection moulding type procedure. In 
this case the base layer is applied against the 
mould surface, and the base layer and the mould 
are pressed together by an external force. A cross- 
linkable liquid, e.g. a silicone rubber, is then 
pressed into the mould cavity formed, whereupon it 
is cross-linked by appropriate cross-linking means, 
such as UV-light. Alternatively, a thermoplastic 
polymer melt might be injected to form the spacing 
layer when stabilized by cooling. 



When the hardening or stabilization of the 
spacing layer is completed, the base layer/spacing 
layer assembly is removed from the mould. In 
order to facilitate the release of the formed spacing 

6 layer from the mould, the latter is preferably treat- 
ed with a release agent prior to the moulding 
operation, e.g. a fluorotenside in liquid phase or a 
fluoropolymer in gaseous phase. 

After removal from the mould the second base 

to layer is applied to the spacing layer to complete 
the desired cavity or channel system. Optionally 
this second base layer is covalently or otherwise 
bound to the spacing layer by suitable means as 
will be discussed in more detail below. 

75 In order to achieve optimum sealing between 
the spacing and base layers, the assembly thereof 
is, at the time of use for the particular application, 
placed in a clamping means between planar faced 
clamp members capable of exerting a compressive 

20 force on the assembly. Such a clamping means 
may also be used to make the assembly perform 
the above mentioned pumping action. 

For electrophoretic purposes the second base 
layer is advantageously provided with contact 

25 means, e.g. gold strips, at each end thereof, as 
well as detector means or at least provisions there- 
for. In such a case this second base layer is 
preferably made reusable, whereas the first base 
layer with attached spacing layer is of disposable 

30 type and separable from the second base layer 
such that after use the latter may readily be pro- 
vided with a new base layer/spacing layer assem- 
bly. 

As mentioned above the microfluidic structure 
35 of the invention may, of course, advantageously 
also be designed for other microfluidic purposes 
than electrophoresis. Among those are e.g. capil- 
lary chromatography, micro-reaction cavity proce- 
dures, miniaturized liquid communication units, 
40 biosensor flow cells, etc. Reaction cavities con- 
structed in accordance with the invention may, for 
example, be used for various forms of solid phase 
synthesis, such as peptide or oligonucleotide syn- 
thesis. PCR, DNA-solid phase sequencing reac- 
ts tions, just to mention a few. 

Fig. 1 illustrates a capillary electrophoretic 
plate according to the present invention. It consists 
of a first base layer 1 , a second base layer 2, and 
an elastic spacing layer 3 disposed between the 
so two base layers 1, 2. The spacing layer 3 is re- 
cessed to define a channel 4. For illustrative clarity 
only, the base layer 2 is here made transparent 
(Figs. 1 and 3). 

The base layer 1 is made of a form-stable, i.e. 
55 non-elastic or moderately elastic, material, for in- 
stance glass, and is at each end portion thereof 
provided with electrode strips 5, 6, e.g. of gold film. 
In the illustrated case the base layer 1 is also 
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provided with a conductivity detector means 7 in 
the form of a pair of e.g. gold electrodes 8, 9 
arranged to cross the channel 4 and extending 
from contact pieces 10, 11. e.g. also of gold, on 
either side of the base layer. 

The elastic spacing layer is attached to the 
second base layer 2, e.g. a polyester film, as 
shown in Fig. 3. In the illustrated case the spacing 
layer 3 is a labyrinth-like structure having the chan- 
nel 4 recess therethrough. In Fig. 3 the spacing 
layer 3 is attached to the bottom side of the base 
layer 2, and the channel 4 is therefore open down- 
wardly, whereas the top wall thereof is formed by 
base plate 2. The spacing layer 3 may, for exam- 
ple, be made of silicone rubber. 

The capillary electrophoretic plate as shown in 
Fig. 1 is formed by applying the base layer/spacing 
layer (2. 3) assembly of Fig. 3 to the base layer 1. 
Due to the elasticity of spacing layer 3 efficient 
sealing against the base layer 1 is obtained. By 
matching the surface properties, the importance of 
which has been mentioned above, sufficient adhe- 
sion between base layer 1 and spacing layer 3 for 
them to stick together will be obtained. For certain 
material combinations gluing may, however, be 
necessary. 

In a specific non-limiting example, with particu- 
lar reference to the electrophoretic plate in Fig. 1, 
the base layer is of glass and has a length of 60 
mm, a width of 20 mm and a thickness of about 0.5 
mm. The spacing layer 3 is made of silicone. 
General Electric 670 (General Electric Company), 
with a hardness of 90 shore and has a width of 1 
mm. The length of channel 4 defined thereby is 
100 mm and its width 250 urn. The channel depth, 
i.e. the thickness of the spacing layer, is 50 urn 
and the volume is 1.25 microlitres. The electrodes 
8, 9. which may be of gold, have a width of 50 urn 
and a spacing of 50 microns. The base layer 2, 
which is of polyester, is 12 x 40 mm and has a 
thickness of about 0.2 mm. 

To perform an electrophoretic separation with 
the capillary electrophoretic plate shown in Fig. 1 it 
is placed between two flat surfaces and an appro- 
priate force is applied to hold the plate sandwich 
sealingly together. The channel 4 is filled with 
electrophoretic buffer by applying a liquid drop at 
one end and sucking it into the channel by means 
of vacuum. Sample is then applied to the channel, 
optionally by using the resilient structure as a 
pump or by an enriching ion exchanger zone as 
will be described below. Buffer soaked filter paper 
pieces, indicated in Fig. 1 with dashed lines and 
designated by reference numerals 12, 13, are ap- 
plied to the respective ends of channel 4 to provide 
contact between the channel and the contact strips 
5, 6, and the electrophoresis voltage from an exter- 
nal source is applied. The separation process is 



monitored by the detector 7. 

Fig. 5 illustrates a variation of the capillary 
electrophoretic plate in Fig. 1. In this shown em- 
bodiment the channel 4 is closed at each end, and 

s instead the channel opens into apertures 14, 15 
made in the upper base layer 2a supporting the 
spacing layer. There are further no contact strips 
on the lower base layer, here designated by refer- 
ence numeral 1a. The buffer may be supplied by 

10 e.g. a respective small buffer filled container placed 
above each aperture 14, 15, into which containers 
electrodes are immersed for applying the external 
voltage field. 

The spacing layer 3 may, for example, be 

15 produced by applying base layer 2 against a planar 
mould having a relief pattern corresponding to the 
labyrinth-like spacing layer structure including 
channel 4. The silicone material is then injected 
into the mould cavity and the spacing layer formed 

20 is subsequently cured by UV irradiation. After re- 
moval from the mould the spacing layer 3 sup- 
ported by the base layer 2 is as shown in Fig. 3. 

A schematic illustration of the production of a 
plurality of base layers 2 with attached spacing 

25 layers 3 as outlined above, e.g. of the materials 
and dimensions given hereinbefore as a specific 
example, is represented in Fig. 6. This figure is 
intended to illustrate a mould surface having a 
pattern of grooves 16 corresponding to seven 

so spacing layers 3 arranged side by side. 

A mould plate exhibiting the desired mould 
pattern may, for example, be produced as follows: 

The surface of a silicon plate is oxidized in an 
oven at 1100 °C to form an oxide layer of a 

35 sufficient thickness, e.g. about 800 nm (8000 A). 
After washing, dehydration in an oven and priming 
with hexamethylsilane, a photoresist layer is ap- 
plied by spinning and stabilized by baking. A mask 
corresponding to the desired groove pattern is then 

-to placed upon the plate surface, and the non-covered 
portions are subjected to light exposure. The ex- 
posed photoresist portions are removed by devel- 
oper solution to bare the oxide layer, and the 
remaining photoresist mask is hard-baked. The 

45 bared oxide is then etched with hydrofluoric 
acid/ammonium fluoride to expose the silicon (the 
back-side of the plate being protected, such as by 
resistant tape) and the photoresist mask is re- 
moved by a suitable solvent, such as acetone. The 

so oxide-free silicon areas are then etched by potas- 
sium hydroxide solution for a sufficient time to 
produce the desired depth. The resulting mould 
surface will exhibit the desired pattern of grooves 
16. 

55 To produce the base layer/spacing layer unit 2, 
3, a film or sheet of e.g. polyester (here repre- 
sented as being transparent) is placed upon the 
mould surface, preferably after having treated the 
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mould surface and film with a release agent. Pres- 
sure is then applied, e.g. 4 bars of compressed air, 
and a cross-linkable liquid, such as silicone rubber 
(e.g. RTV 670 supplied by General Electric Com- 
pany) is introduced through the inlet 17 until it 
emerges at outlet 18. After photo-curing by UV 
light the base layer sheet is removed from the 
mould and cut into separate base layer sections 
(each forming a base layer 2) along lines 19, if not 
already done prior to application to the mould. 
Reference numeral 20 indicates transverse stop 
stripes (not shown in Fig. 1) to prevent buffer in 
filter papers 8, 9 in Fig. 1 from entering the struc- 
ture beside the channel. 

The structure shown in Fig. 3, consisting of 
base layer 2 and the spacing layer 3 supported 
thereby, may be used to build up multi-storey 
structures as is schematically illustrated in Rg. 7A 
showing three superposed spacing layer/base layer 
assemblies according to Rg. 7B. In such manner 
very complex channel geometries for reactions and 
analyses may be constructed. The channels of 
adjacent spacing layers 3 may be connected by 
bores in the respective base layers, the channel 
ends then being closed as in base layer 2a in Rg. 
5. . 

In the electrophoretic plate shown in Figs. 1 
and 5 the smaller base layer 2, 2a with attached 
spacing layer 3, which advantageously is of dispos- 
able type, may easily be torn off from the larger 
base layer 1 provided with detector means 7, 
whereupon a new base layer/spacing layer assem- 
bly 2, 3 may be applied to the base layer 1 which 
is the more expensive one of the two components. 

With reference to the above described struc- 
ture, and particularly to Rg. 4, the spacing layer 3 
and one of the two base layers 1, 2 may be 
integral, i.e. produced as an integral member from 
one and the same material. This is schematically 
illustrated in Fig. 8 wherein reference numeral 21 
represents an integral base layer/spacing layer 
member defining a channel 22, and 23 indicates a 
second base layer. 

Tlie embodiment illustrated in Rg. 8 may e.g. 
be produced as follows: 

A silicon mould plate having the desired relief 
pattern is first produced as described above, either 
for a single spacing layer or, preferably, for a 
plurality of spacing layers as in Rg. 6. A 300 - 500 
urn Hostaflon film (Hostaflon is a thermoplastic 
fluoroelastomer supplied by Hoechst AG, Germany) 
is then applied to the silicon mould surface, option- 
ally after applying a release agent, and a smooth 
silicon plate, i.e. without any relief pattern, is ap- 
plied thereabove to sandwich the Hostaflon film 
between them. Gold coatings are then applied to 
the outer surfaces of the respective silicon plates. 
The sandwich is then placed in a pressing means. 



a pressure (10-50 kg/cm 2 ) is applied and the gold 
coatings are connected to a voltage source to 
electrically heat the sandwich to about 150*C. 
Hereby the Hostaflon film softens and the mould 

s surface pattern is impressed or coined into the 
plastic film. The voltage source is then discon- 
nected, and the sandwich is allowed to cool. Upon 
removal from the mould, the resulting base lay- 
er/spacing layer unit has a cross-section corre- 

10 sponding to that schematically illustrated in Rg. 8, 
the spacing layer defining the channels having a 
thickness of about 50 urn. A non-coined Hostaflon 
film layer is then applied as the second base layer 
to complete the structure. This latter film has pref- 

is erably been heat/pressure treated as above be- 
tween flat silicon plates to provide a smooth con- 
tact surface. Optional liquid communication aper- 
tures (indicated as 14 in Fig. 5) are then drilled. 
Fig. 9 illustrates the base layer/spacing layer 

20 unit 21, 22 of Rg. 8 inserted between clamping 
members 24. 25 to provide for efficient sealing 
between the components 21, 22 and 23, respec- 
tively. The upper clamping member 24 comprises 
a container recess 26 communicating with the 

25 spacing layer channel 22 through an aperture 27 
for the introduction of a fluid into the channel, e.g. 
buffer in the case of an electrophoretic plate as 
outlined above in connection with Rg. 5. 

It will be realized that in comparison with con- 

30 ventional capillary tube electrophoresis the elec- 
trophoretic plate according to the present invention 
offers several advantages. For example, it will be 
easy to provide branched inlets and outlets for the 
capillary structure, which in turn will permit such 

35 procedures as isotachophoretic concentration of 
the sample in a channel section at one end of the 
capillary channel structure, collection of fractions, 
and variation of connected electrolytes. Also pre- 
parative uses may be contemplated. 

40 The electrophoretic plate having a capillary 
channel of rectangular cross-section as shown in 
the drawings and described above is further very 
advantageous from the viewpoint of detection. 
Thus, compared with conventional capillary tube 

45 electrophoresis it will be much easier to arrange 
various detector systems, one example being the 
conductivity detector mentioned above. Another ex- 
ample is the use of a UV detector. In that case the 
channel may be provided with one or more "win- 

50 dows", i.e. a UV transparent part of the channel 
bottom (in the illustrated cases base layer 1 or 1a). 
Such windows may be provided by e.g. metallizing 
a transparent base layer forming the bottom of the 
channel to leave a transparent opening or window 

55 at the desired site(s). Detection is then performed 
by illumination with a UV light source. By arranging 
a sequence of such windows at the inlet part of the 
channel the amount of sample injected may be 
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determined. Optionally, detectors, such as UV de- 
tectors, may be arranged along the whole length of 
the channel, whereby the migration of the sample 
substance(s) in the channel may be monitored con- 
tinuously. In an alternative arrangement a plurality 
of optical fibres opening towards the channel bot- 
tom may be used to direct the light to a detector 
array for continuous monitoring of the whole or part 
of the channel. Other types of detectors are, of 
course, also possible. As is readily realized, the 
above described detection principles may also be 
of value for other applications than electrophoresis, 
such as e.g. chromatography. 

Due to the resiliency of the spacing layer it will 
further be possible to provide for the injection of 
nanolitre quantity samples by a pumping action 
effected by varying the force that keeps the "sand- 
wich" together. Also, the plate structure makes it 
possible to enrich sample molecules in an elec- 
trophoretic channel on a zone of e.g. an ion ex- 
changer. An example of the provision of such an 
ion exchanger zone is given in Fig. 10 which illus- 
trates an embodiment of a base layer correspond- 
ing to the base layer 1 in Figs. 1, 2 and 5. As 
shown in the figure, the base plate 28 has, in 
addition to detector electrodes 29, 30, a thin strip 
31 of an ion exchanger material. When performing 
the electrophoresis with, for example, an elec- 
trophoretic plate according to Fig. 5, the strip 31 is 
within the channel 4, and sample in suitable buffer 
applied through the channel inlet is first enriched in 
ion exchanger strip 31. Electrophoretic buffer is 
thereupon introduced to remove the excess of 
sample in the channel 4. The sample is then desor- 
bed by the electrophoretic field or the pH shift 
generated thereby. 

Fig. 11 illustrates an electropherogram ob- 
tained in an electrophoresis of a restriction digest 
of 4>X174 with Hae III performed with a Hostaflon 
electrophoretic plate produced as described above 
by coining against an etched silicon surface. The 
total channel length was 50 mm, the channel width 
was 250 urn, and the channel height was 50 urn. In 
use the plate was clamped between the flat sur- 
faces of a clamping means with a total force of 
about 100 N. The separation channel was 
hydrophilized with a non-ionic detergent and filled 
with 10% linear polyacrylamide as separation me- 
dia and Tris-borate, pH 8.3, was used as buffer. 
Injection was electrokinetic at 5 sec/700 V, total 
potential drop 700 V. Detection was performed by 
UV at 260 nm. 

Claims 

1. A geometric microstructure defining a liquid 
flow system, compriseing first and second sub- 
stantially planar form-stable base layers (1 , 2), 



and an intermediate spacing layer (3) which is 
recessed to define a micro cavity or channel 
system (4) with at least one of said first and 
second base layers, the spacing layer being 

s firmly attached to at least one base layer 

and/or being an integral part of one of the base 
layers, characterised by an intermediate spac- 
ing layer of rubber or elastomer which can be 
compressed in a direction perpendicular to the 

70 base layer planes 

2. The structure according to claim 1 , character- 
ized in that said spacing layer (3) is recessed 
through the thickness thereof such that the 
is side walls of the cavity or channel system (4) 

are formed by the spacing layer (3) and the 
top and bottom walls thereof are formed by the 
base layers (1 , 2). 

20 3. The structure according to claim 1 or 2, char- 
acterized in that the spacing layer and at least 
one base layer are made of the same material. 

4. The structure according to any one of claims 1 
25 to 3, characterized in that at least one of said 

base layers (1 , 2) is flexible. 

5. The structure according to any one of claims 1 
to 4, characterized in that at least one of said 

30 base layers (1 , 2) is rigid. 

6. The structure according to any one of claims 1 
to 5, characterized in that the spacing layer 
structure (3) does not fill the whole space 

35 between the base layers but only forms wall 

members of the channel or cavity (4) defined 
by the structure. 

7. The structure according to any one of claims 1 
40 to 6, characterized in that said structure is a 

plate for capillary electrophoresis. 

8. The structure according to claim 7, character- 
ized in that it comprises detector means (7) 

45 arranged on one of the base layers (1 , 2). 

9. The structure according to any one of claims 1 
to 8, characterized in that said structure com- 
prises at least two spacing layers (3) separated 

so by base layers (1, 2), the channels or cavities 

of one spacing layer being connected to a 
channel or cavity of an adjacent layer by a 
bore in the intermediate base layer. 

55 10. A process of producing the geometric micro- 
structure according to any one of claims 1 to 
9, characterized by the steps of 
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a) providing a planar mould having a relief 
pattern corresponding to the desired spac- 
ing layer geometry; 

b) applying a first base layer (2) against the 
mould; s 

c) injecting a cross-linkable polymer liquid 
or thermo-plastic polymer melt into the cav- 
ity defined between the mould surface and 
the base layer (2); 

d) stabilizing said injected polymer by jo 
cross-linking or temperature reduction; 

e) removing the base layer/spacing layer 
assembly (2, 3) from the mould; and 

f) applying a second base layer (1) to the 
spacing layer (3) of said assembly (2, 3). is 



11. A process of producing the geometric micro- 
structure according to any one of claims 1 to 
9, characterized by the steps of 

a) providing a planar mould having a relief 
pattern corresponding to the desired spac- 
ing layer geometry; 

b) applying a cross-linkable or thermoplastic 
spacing layer material against the mould 
and pressing the assembly together; 

c) stabilizing the spacing layer (3) formed 
by cross-linking or temperature reduction; 

d) removing the spacing layer structure 
from the mould; and 

e) applying first and second base layers (1) 
to opposite sides of the spacing layer (3). 

12. A process of producing the geometric micro- 
structure according to any one of claims 1 to 
9, characterized by the steps of 

a) providing a planar mould having a relief 
pattern corresponding to the desired spac- 
ing layer geometry; 

b) applying a cross-linkable or thermoplastic 
spacing layer material supported by or in- 
tegral with a first base layer (2), against the 
mould and pressing the assembly together; 

c) stabilizing the spacing layer (3) formed 
by cross-linking or temperature reduction; 

d) removing the base layer spacing layer (2, 
3) structure from the mould; and 

e) applying a second base layer (1) to the 
spacing layer (3). 



13. The process according to claim 12, character- so 
ized in that an integral base layer/spacing layer 
member (21, 22) is produced in steps b) and 

c). 

14. The process according to any one of claims 10 ss 
to 13, characterized in that said cross-linking is 
effected by photo-initiation. 



15. The process according to any one of claims 10 
to 14, characterized in that said relief pattern of 
the mould surface is produced by etching. 

16. The process according to claim 15, character- 
ized in that said mould is made of single- 
crystalline silicon. 

17. The process according to any one of claims 10 
to 16, characterized in that at least one addi- 
tional spacing layer and base layer is applied 
to the produced structure. 

PatentansprUche 



1. Geometrische Mikrostruktur, die ein FlUssig- 
keitsstrSmungssystem begrenzt, umfassend 
eine erste und zweite im wesentlichen planare, 
formstabile Basisschicht (1 , 2) und eine. zwi- 

20 schenliegende Abstandsschicht (3), welche, 
zur Begrenzung eines Mlkrohohlraum- oder 
Kanalsystems (4) mit wenigstens einer aus der 
ersten und zweiten Basisschicht, vertJeft bzw. 
ausgespart ist, wobei die Abstandsschicht fest 

25 an wenigstens einer Basisschicht angebracht 

und/oder ein integraler Teil von einer der Ba- 
sisschichten ist, gekennzelchnet durch eine 
zwischenliegende Abstandsschicht aus Gummi 
bzw. Kautschuk oder Elastomer, welche in ei- 

30 ner zu den Basisschicht ebenen senkrechten 

Richtung zusammengedrtlckt werden kann. 

2. Struktur gemaB Anspruch 1 , dadurch gekenn- 
zelchnet, daB die Abstandsschicht (3) durch 

35 die Dicke derselben derart ausgespart ist, daB 

die SertenwSnde des Hohlraum- oder Kanalsy- 
stems (4) durch die Abstandsschicht (3) gebil- 
det sind und die obere und untere Wand der- 
selben durch die Basisschichten (1, 2) gebildet 

40 sind. 

3. Struktur gemaB Anspruch 1 oder 2. dadurch 
gekennzelchnet, daB die Abstandsschicht 
und wenigstens eine Basisschicht aus dem 

45 gleichen Material hergestellt sind. 

4. Struktur gemaB irgendeinem der AnsprUche 1 
bis 3, dadurch gekennzelchnet, daB wenig- 
stens eine der Basisschichten (1 , 2) flexibel ist. 



5. Struktur gemaB irgendeinem der AnsprUche 1 
bis 4, dadurch gekennzelchnet, daB wenig- 
stens eine der Basisschichten (1 , 2) starr bzw. 
steif ist 

6. Struktur gemaB irgendeinem der AnsprUche 1 
bis 5, dadurch gekennzelchnet, daB die Ab- 
standsschichtstruktur (3) nicht den gesamten 
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Zwischenraum zwischen den Basisschichten 
ausfiillt, sond8rn nur wandteile des durch die 
Struktur begrenzten Kanals oder Hohlraums (4) 
bildet. 

7. Struktur gemaB irgendeinem der AnsprUche 1 
bis 6, dadurch gekennzeichnet, da6 die 
Struktur eine Platte fUr die Kapillarelektropho- 
rese ist. 

8. Struktur gemaB Anspruch 7, dadurch gekenn- 
zeichnet, daB sie ein Detektormittel (7) um- 
faOt, das auf einer der Basisschichten (1, 2) 
angeordnet ist. 

9. Struktur gemaB irgendeinem der AnsprUche 1 
bis 8, dadurch gekennzeichnet, daB die 
Struktur wenigstens zwei Abstandsschichten 
(3) umfaBt, die durch Basisschichten (1. 2) 
getrennt sind, wobei die Kanale Oder HohlrSu- 
me von einer Abstandsschicht mit einem Kanal 
oder Hohlraum einer benachbarten Schicht 
durch eine Bohrung in der zwischenliegenden 
Basisschicht verbunden sind. 

10. Verfahren zum Herstellen der geometrischen 
Mikrostruktur gemSB irgendeinem der AnsprU- 
che 1 bis 9. gekennzeichnet durch die Schrit- 
te des 

a) Vorsehens einer planaren Form, die ein 
Reliefmuster hat, welches der gewOnschten 
Abstandsschichtgeometrie entspricht; 

b) Aufbringens einer ersten Basisschicht (2) 
auf die Form; 

c) Einspritzens einer vernetzbaren Polymer- 
fltlssigkeit oder thermoplastischen Polymer- 
schmelze in den Hohlraum, der zwischen 
der Formoberflache und der Basisschicht 
begrenzt ist; 

d) Stabllisierens des eingesprrtzten Poly- 
mers durch Vernetzung oder Temperatur- 
verminderung; 

e) Entfernens der Basis- 
schicht/Abstandsschicht-Anordnung (2, 3) 
aus der Form; und 

f) Aufbringens einer zweiten Basisschicht (1) 
auf die Abstandsschicht (3) der Anordnung 
(2, 3). 

11. Verfahren zum Herstellen der geometrischen 
Mikrostruktur gemaB irgendeinem der AnsprU- 
che 1 bis 9, gekennzeichnet durch die Schrit- 
te des 

a) Vorsehens einer planaren Form, die ein 
Reliefmuster hat, das der gewOnschten Ab- 
standsschichtgeometrie entspricht; 

b) Aufbringens eines vernetzbaren oder 
thermoplastischen Abstandsschichtmaterials 



auf die Form und Zusammenpressens der 
Anordnung; 

c) Stabilisierens der Abstandsschicht (3), 
die durch Vernetzung oder Temperaturver- 

s minderung ausgebildet ist; 

d) Entfernens der Abstandsschichtstruktur 
aus der Form; und 

e) Aufbringens einer ersten und zweiten Ba- 
sisschicht (1) auf entgegengesetzte Seiten 

to der Abstandsschicht (3). 

12. Verfahren zum Herstellen d8r geometrischen 
Mikrostruktur gemSB irgendeinem der AnsprU- 
che 1 bis 9, gekennzeichnet durch die Schrit- 

15 te des 

a) Vorsehens einer planaren Form, die ein 
Reliefmuster hat, das der gewUnschten Ab- 
standsschichtgeometrie entspricht; 

b) Aufbringens eines vernetzbaren oder 
20 thermoplastischen Abstandsschichtmateri- 
als, das von einer ersten Basisschicht (2) 
gehalten oder integral mit einer ersten Ba- 
sisschicht (2) ist, auf die Form und Zu- 
sammenpressens der Anordnung; 

25 c) Stabilisierens der Abstandsschicht (3), 

die durch Vernetzung oder Temperaturver- 
minderung ausgebildet ist; 

d) Entfernens der Basis- 
schicht/Abstandsschicht-(2, 3)Struktur aus 

30 der Form; und 

e) Aufbringens einer zweiten Basisschicht 
(1) auf die Abstandsschicht (3). 

13. Verfahren gemaB Anspruch 12, dadurch ge- 
35 kennzeichnet, daB in den Schritten b) und c) 

ein integrates Basisschicht/Abstandsschicht- 
Teil (21. 22) hergestellt wird. 

14. Verfahren gemaB irgendeinem der AnsprUche 
40 10 bis 13, dadurch gekennzeichnet, daB das 

Vernetzen durch Photoeinleitung bzw. -initia- 
tion bewirkt wird. 

15. Verfahren gemaB irgendeinem der AnsprUche 
45 10 bis 14, dadurch gekennzeichnet, daB das 

Reliefmuster der FormoberflMche durch Atzen 
erzeugt wird. 

16. Verfahren gemaB Anspruch 15, dadurch ge- 
50 kennzeichnet, daB die Form aus einkristalli- 

nem Silizium hergestellt wird. 

17. Verfahren gemaB irgendeinem der AnsprUche 
10 bis 16, dadurch gekennzeichnet, daB we- 

55 nigstens eine zusatzliche Abstandsschicht und 

Basisschicht auf die erzeugte Struktur aufge- 
bracht wird. 
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Revendlcations 

1. Microstructure geom^trique constituant un sys- 
teme de circulation de liquide, comprenant des 
premiere et seconde couches de base sensi- 
blement planes, de forme stable (1 , 2), et una 
couchs intermediate d'entretoisement (3) qui 
est eVidee de maniere a constituer un systeme 
de micro-cavite" ou de micro-canal (4) avec au 
moins Tune desdites premiere et seconde cou- 
ches de base, la couche d'entretoisement 
6tant 6troitement fix^e a au moins une couche 
de base et/ou faisant partie intggrante de I'une 
des couches de base, caractens^e par une 
couche intermetliaire d'entretoisement en 
caoutchouc ou en glastomere qui peut etre 
comprimee dans une direction perpendiculaire 
aux plans des couches de base. 

2. Structure selon la revendication 1 , caracteVisee 
en ce que ladite couche d'entretoisement (3) 
est evidee dans toute son 6paisseur de fagon 
que les parois lateVales du systeme de cavit£ 
ou de canal (4) soient fornixes par la couche 
d'entretoisement (3) et que ses parois sup6- 
rieure et infSrieure soient formers par les cou- 
ches de base (1, 2). 

3. Structure selon la revendication 1 ou 2, carac- 
terisee en ce que la couche d'entretoisement 
et au moins une couche de base sont r£alis£es 
en la m§me matiere. 

4. Structure selon I'une quelconque des revendi- 
cations 1 a 3, caracterisee en ce qu'au moins 
I'une desdites couches de base (1, 2) est 
souple. 

5. Structure selon I'une quelconque des revendi- 
cations 1 a 4, caractensee en ce qu'au moins 
I'une desdites couches de base (1, 2) est 
rigide. 

6. Structure selon I'une quelconque des revendi- 
cations 1 a 5, caracteVise'e en ce que la struc- 
ture de la couche d'entretoisement (3) n'emplit 
pas la totalite* de I'espace compris entre les 
couches de base, mais ne forme que des 
6l6ments de parois du canal ou de la cavite (4) 
constitute par la structure. 

7. Structure selon I'une quelconque des revendi- 
cations 1 a 6, caract6ris6e en ce que ladite 
structure est une plaque d'electrophorese ca- 
pillaire. 

8. Structure selon la revendication 7, caracterisee 
en ce qu'elle comprend un moyen d6tecteur 



(7) dispose sur I'une des couches de base (1 . 
2). 

9. Structure selon I'une quelconque des revendi- 
5 cations 1 a 8, caracterisee en ce que ladite 

structure comprend au moins deux couches 
d'entretoisement (3) s^parees par des couches 
de base (1, 2), les canaux ou cavites d'une 
couche d'entretoisement 6tant relics a un ca- 
io nal ou une cavite 1 d'une couche voisine par un 

trou realise dans la couche intermediate de 
base. 

10. Precede 1 de production de la microstructure 
is g£om6trique selon I'une quelconque des re- 

vendications 1 a 9, caractense - par les Stapes 
de 

a) utilisation d'un moule plan ayant un motif 
en relief correspondant a la geom£trie sou- 

20 hait£e de la couche d'entretoisement ; 

b) d£pdt d'une premiere couche de base 
(2) contre le moule ; 

c) injection d'un liquide polymere regulable 
ou d'un polymere thermoplastique en fusion 

as dans la cavite d£limit£e entre la surface du 

moule et la couche de base (2) ; 

d) stabilisation dudit polymere inject^ par 
reticulation ou reduction de la temperature ; 

e) enlevement de I'ensemble couche de 
30 base/couche d'entretoisement (2, 3) du 

moule ; et 

f) ddpdt d'une seconde couche de base (1) 
sur la couche d'entretoisement (3) dudit en- 
semble (2, 3). 

35 

11. Precede' de production de la microstructure 
ggomgtrique selon I'une quelconque des re- 
vendications 1 a 9, caracteVise par les Stapes 
de 

40 a) utilisation d'un moule plan ayant un motif 

en relief correspondant a la geom6trie sou- 
hait£e de la couche d'entretoisement ; 

b) depdt d'une matiere de couche d'entre- 
toisement regulable ou thermoplastique 

45 contre le moule et compression de I'ensem- 

ble ; 

c) stabilisation de la couche d'entretoise- 
ment (3) formed par reticulation ou reduc- 
tion de temperature ; 

so d) enlevement de la structure de la couche 

d'entretoisement du moule ; et 
e) depdt de premiere et seconde couches 
de base (1) sur les cotes opposes de la 
couche d'entretoisement (3). 

65 

12. Procecle de production de la microstructure 
g£om£trique selon I'une quelconque des re- 
vendications 1 a 9, caracteYise 1 par les 6tapes 



11 



21 



EP 0 527 905 B1 



de 

a) utilisation d'un moule plan ayant un motif 
en relief correspond ant a la geom6trie sou- 
hait6e de la couche d'entretoisement ; 

b) depot d'une matiere retjculable ou ther- 5 
moplastique de couche d'entretoisement 
supported par ou monobloc avec une pre- 
miere couche de base (2) contre le moule 

et compression de I'ensemble ; 

c) stabilisation de la couche d'entretoise^ io 
ment (3) produite par reticulation ou reduc- 
tion de temperature ; 

d) enlevement de la structure de la couche 
de base/couche d'entretoisement (2. 3) du 
moule ; et »s 

e) depot d'une seconde couche de base (1) 
sur la couche d'entretoisement (3). 

13. Proc6de' selon la revendication 12, caract£rise > 

en ce qu'un Element monobloc de couche de 20 
base/couche d'entretoisement (21, 22) est.pro- 
duit pendant les Stapes b) et c). 

14. Proc^de' selon I'une quelconque des revendi- 
cations 10 a 13, caract6ris6 en ce que ladite 25 
reticulation est effectuee par photo-initiation. 

15. Proc6d6 selon I'une quelconque des revendi- 
cations 10 a 14, caracteVise' en ce que ledit 
motif en relief de la surface du moule est 30 
produit par attaque chimique. 

16. Proc£de selon la revendication 15, caracterise' 
en ce que ledit moule est realise en silicium 
monocristallin. 35 

17. Proc6d6 selon I'une quelconque des revendi- 
cations 10 a 16. caractSrise" en ce qu'au moins 
une couche supplemental d'entretoisement 

et une couche supplemental de base sont to 
dgposees sur la structure produite. 



45 



50 



55 



12 



EP 0 527 905 B1 




J 



EP 0 527 905 B1 




EP 0 527 905 B1 




EP 0 527 905 B1 




25 22 
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